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ABSTRACT 


An intensive study of movements and the resulting spacing in 
a local population of Franklin's spruce grouse (Canachites canadensts 
franklintt) was conducted in southwestern Alberta from April through 
September 1974 and February through November 1975. Movements were 
monitored using radio-telemetry. Major emphasis was placed on the 
female cohort of the population in an attempt to relate the dispersion 
of residents to spring dispersal of juveniles. 

Those adults and juveniles of both sexes that successfully entered 
the spring resident population occupied units of habitat that were 
exclusive of other reproductively active individuals. Territorial 
males were aggregated in blocks of habitat; they formed a central group 
with territorial females and non-territorial juvenile males occupying 
peripheral areas. Areas occupied by females were exclusive of other 
territorial females and the central males, but were overlapped by non- 
territorial juvenile males in some instances. Throughout the year daily 
movements of juvenile birds were significantly greater than those of 
adults with the following exceptions: males in winter and females in 
summer and autumn. However, in the latter group daily movements of 
females with broods were greater than those without broods, irrespective 
of age. 

Territoriality among both sexes during the breeding season results 
in a uniform spacing of members of the population. Such a pattern could 
have evolved through competition for ecological resources (food and/or 
breeding space) or as a mechanism to reduce predation. The behavior 
producing this spacing could also provide a means for adjusting the 
density of the local breeding population of spruce grouse. 
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INTRODUCTION 


Studies of tetraonid social behavior have centered on activities of 
males during the spring season; territorial behavior and courtship 
displays have been described for males of most species (Hjorth 1970, 
Wiley 1974). Comparable studies of females do not exist. Female grouse 
are cryptically colored and lack spectacular displays, thus observation 
and repeated contact with individuals are difficult as is capture (in 
some species). 

Telemetry provides a means whereby individual grouse can be located 
at will. This permits one to monitor behavioral parameters in far 
greater detail than is possibie by conventional means (observation of 
marked tidividuals) when the study involves secretive animals. Brander 
(1967), lLanee (1970), Robel et al. (1970), and Wallestad and Pyranh 
(1974) used this technique successfully to monitor breeding season 
movements of female ruffed grouse (Bonasa umbellus), blue grouse 
(Dendragopus obscurus) prairie chickens (Tympanechus cuptdo) and sage 
grouse (Centrocercus urophastanus), respectively. 

Studies of spruce grouse (Canachttes canadensts) behavior have 
emphasized male activity. Stoneberg (1967), McLachlin (1970), 

Bi dason (197 ),.0973), and Anderson (1973) describe territoriality, 

seasonal home range sizes, and habitat selection of males. Lumsden (1961), 
MacDonald (1968) and Hjorth (1970) describe courtship and territorial 
behavior. Studies that have emphasized females include those of 

McCourt (1969) and Haas (1974) who dealt with habitat selection and 
general aspects of nesting and brood-rearing. 

Ellison (1973) suggested that female spruce grouse avoided male 


territories prior to nesting and nests were located outside male territories. 
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He also suggested that, because females tended to remain separated 
from one another during the spring, the possibility existed that they 
were occupying exclusive areas. MacDonald (1968) recorded aggressive 
calls of a female spruce grouse while it was attacking a female decoy 
and suggested such calls given while fighting might space individuals 
throughout suitable habitat. 

Haas (1974) disagreed with Ellison's (1973) suggestion that female 
spruce grouse might occupy exclusive areas in spring as 16 percent 
(6 of 37 females), observed during the prenesting period, were with 
another hen. However, these associations occurred on gravel roads which 
might have served to attract birds to a common source of grit. Moreover, 
he stated that females remained apart from one another approximately 2 
weeks before the onset of incubation (Haas 1974). There is no 
information available on daily movements of female spruce grouse nor 
on the amount of overlap of areas used. Furthermore, a conflict of 
opinions currently exists (Ellison 1973, Haas 1974) on the spatial 
relationships between female spruce grouse. 

Keppie (1975) documented dispersal of juvenile spruce grouse in 
fall and spring in southwestern Alberta and speculated that rates of 
spring dispersal may be correlated with winter population density when 
the latter rises over a certain threshold. This raises the interesting 
possibility that spacing of resident adult spruce grouse could be an im- 
portant factor in the spring movements of juveniles. Therefore, the major 
objectives of this study were to determine the spacing of adult spruce 
grouse (with emphasis on females) throughout the year, the extent of 
behavioral interaction between individuals, and the relationship between 


dispersion of established residents and the movements of dispersing 
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juveniles of both sexes. Spruce grouse were chosen for study because 


they are readily captured permitting the use of radio telemetry on the 
entire population. The study area chosen supported a population about 


which background information was available from previous studies 


(McCourt 1969, McLachlin 1970, and Keppie 1975). 
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STUDY AREA 


This study was done in the eastern foothills of the Rocky Mountains 
(elevation 1,500 - 2,000 m) near the R. B. Miller Biological Station, 
27 km west of Turner Valley, Alberta. The study area encompasses 555 ha 
adjacent to Gorge Creek (50° 39' N, 114° 39’ W). 

The forest cover is predominantly a fire-induced growth of lodge- 
pole pine (Pinus contorta) with a few small lowland areas dominated by 
white spruce (Picea glauca), isolated clumps of poplar (Populus spp.) 
and scattered small grassy openings. The density of pine varies 
considerably throughout the forest as does the abundance of alder 
(Alnus crtspa) and willow (Saltx spp.) in the shrub layer. Spruce 
regeneration also varies throughout the pine forest but greatly exceeds 
that of pine. Pine trees range from 25 - 38 years in age and 7-13 mM 
in height. McCourt (1969) and McLachlin (1970) described the vegetation 
of the study area in detail and concluded that pine-dominated forest 
constituted the preferred habitat of spruce grouse but that different 
sex and age categories used different densities of pine. The study 
area was divided into sections, the boundaries of which were determined 
by prominent topographic features. Sections B and C were approximately 
0.6 and 1.8 km northwest of section A. Study area boundaries were 
not rigidly fixed as they were extended when necessary to include the 


movements of resident birds. 
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METHODS 


Field procedures and equipment 
A. Locating Grouse 

This study extended from April 7 to September 30, 1974, and 
from January 29 to November 22, 1975. I censused grouse daily on 
the study area throughout the field season, usually with the aid 
of pointing dogs. Only with the use of dogs was I able to obtain 
an adequate coverage of the area for census purposes. I attempted 
to capture all unmarked birds encountered using a telescopic snare 
pole (Zwickel and Bendell 1967); these were marked with an 
individually color-coded sequence of four leg bands. To ensure 
daily contact with a segment of the population, I attached radio 
transmitters to all females in given sections of the study area in 
both years. In the winter of 1975 I radio-tagged several juvenile 
males; no adult males were radio-tagged in either year. Locating 
these latter birds depended on the dogs or man. 

Radio-tagged grouse were located daily by following the radio 
signal with a 2 - 4 element hand-held yagi antenna until the bird 
was observed. When signal reception was erratic and weak because 
of vegetative and topographic features, I used an ll-element yagi 
antenna on a 7~meter mast to obtain an initial directional orientation 
before walking in to the bird with the hand-held antenna. In most 
cases birds were seen and identified before being overtly disturbed 
by the observer using this method. Thus, the method was deemed 
appropriate for recording precise locations. Locations of sightings 
were recorded from a grid system superimposed on aerial photographs: 


of the study area (1 cm = 50 m). 
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In 1974, I used telemetry equipment manufactured by Sidney L. 
Markusen, Electronic Specialties, Esko, Minnesota. Transmitters 
emitted pulsing signals in the frequency range of 150.815 to 
151.150 megacycles. They were originally powered by 12-gram 
Mallory RM401 mercury batteries with a life expectancy of 90 days. 
These batteries were replaced soon afterwards by certified 13-gram 
Mallory RM1 cells with a life expectancy of 180 days when used with 
the Markusen transmitter. Additional equipment, operating on 
similar frequencies, was purchased in 1975 from the AVM Instrument 
Company, Champaign, Illinois. Because the power drain of these 
transmitters was lower, RMl batteries had a life expectancy of 
500 days. I used Mallory RM640 batteries to lighten the weight of 
these radio packages when shorter life expectancy (300 days) was 
adequate. 

I attached AVM transmitters as “back-pack" units similar to the 
method employed by Dumke and Pils (1973). I also modified this 
method for use with Markusen transmitters; I shortened the battery 
leads running from the transmitter in order to enclose the battery 
and transmitter as one complete unit riding on the bird's back. 
This modification eliminated the need for the battery to ride 
separately below the bird's crop (Brander 1968), a system of 
harnessing that requires long battery leads easily severed by a 
predator with resulting loss of the radio signal. Weights of 
radio-packages ranged from 13 to 25 g (2 to 5.5 percent of body 
weight) with most units less than 4 percent of body weight. If 
birds were harnessed properly, the radio packages appeared not to 


affect movements, social behavior, or reproductive activities. 
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B. Studying Behavioral Reactions 

To determine behavioral reactions of female grouse to calis of 
other females, I played these calls to a series of individuals on 
the study area at intervals throughout the seasons. These calls 
were first recorded in the field by MacDonald (1968); they were 
made by a female spruce grouse that was attacking a female decoy. 
I recorded the reactions of females to these playbacks in the 
following way: 1) a radio-marked bird was approached until sighted 
and the presence of any other individuals determined; 2) a portable 
tape recorder (Sony, Model TC-110) was placed approximately 25 meters 
from the bird and the playback was switched on; 3) the observer 
withdrew to a vantage point from which the bird could be cbserved 
with binoculars without unduly disturbing it. The first 15 minutes 
of the tape recording were blank. This allowed time for the bird 
to adjust to the initial disturbance of discovery. The last 15 
Minutes of the recording were calls repeated in varying sequence. 
Changes in the observed bird's behavior were recorded, particularly 
any vocal responses. After the playback of calls ended, 5 to 10 
minutes were allowed to elapse before the observer turned off the 
recorder and re-checked the surroundings for the presence of other 
birds. Any birds attracted to the site during the recording 
were identified at that time. 
Definitions and methods of analysis 

I use dispersion to refer to the spatial distribution of members 
of a population at one moment in time (Brown and Orians, 1970). To 
obtain a quantitative measure of dispersion (denoted by the value of 


R), I used the nearest-neighbor method of Clark and Evans (1954). 
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Under conditions of minimum dispersion or aggregation (clumped 
distribution), R=0; in a random distribution R=1; under conditions 
of maximum dispersion (uniform distribution), R=2.15. To determine 


" I measured 


which birds in the study area were "nearest-neighbors, 
the distance between daily locations of all individuals and 
calculated a mean distance for each seasonal period for all pairs 
of birds. I also calculated a single seasonal mean distance using 
all distances between daily locations of nearest neighbors to 
obtain a measure of dispersion that reflected the actual separation 
of birds in the field (which I have denoted by the value of D). The 
area of the largest polygon, enclosing the outermost points of 
individual locations of all grouse within a given section during any 
season, was used to determine the tctal area used in all calculations 
of R. As pointed out by Brown and Orians (1970), dispersion should 
not be confused with the term dispersal which refers to the movements 
of animals (Berndt and Sternberg 1968). 

The dispersion of spruce grouse is best presented by seasons 
that in turn reflect biological events manifested by behavioral 
changes in the grouse. These seasons include "winter" which began 
with the formation of flocks and the advent of permanent snow cover 
and ended when juvenile spruce grouse began moving off known winter 
ranges. “Early spring" included the period of juvenile wandering; 
it ended with dispersal of overwintering juveniles. "Late spring" 
followed, ending with the average date of onset of incubation. 
Incubation, brood-rearing, and molt were events that occurred during 
the "summer" season, lasting until the onset of brood break-up. 


"Autumn" covered the period of brood break-up and dispersal of 
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juvenile spruce grouse, ending with the advent of pavement snow 
cover at which time the "winter" population was re-established 
(Keppie 1975). Grouse were divided into two age-classes, juvenile 
and adult; grouse were considered as juveniles from their summer of 
hatching until the following summer when they became first-year 
adults {iulyo1).. 

The size of areas used by individual grouse was determined by 
computer, using a program designed to calculate the area of a 
circumscribed polygon. The outer boundaries of the polygon were 
established by modifying a method described by Harvey and Barbour 
(1965). This method is based upon the minimum area enclosed by the 
majority of capture sites. Oniy those capture sites that were adjacent 
to another capture site at a distance of less than one-fourth the 
maximum distance recorded between any two points were included to 
determine the peripheral locations of the area used. I modified this 
method by using one-third rather than one-fourth as the critical distance. 
This permitted the use of at least 95 percent of the locations of 
sightings of individual birds when establishing the areas used for a 
particular season. To determine the number of sightings necessary to 
accurately estimate (95 percent confidence level) the area used by each 
individual grouse, I used an observation-area curve (Odum and Kuenzler 
£955), Appendix 1; 

I calculated the distance between successive daily locations of 
individual grouse to determine minimum daily movements of the grouse. 
When an individual was located more than once a day, the first location 
was used to avoid the possibility of bias in movement resulting from 
the initial contact. When daily movements were analyzed on days 


with more than one observation, movements between first sightings 
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on consecutive days (a.m. to a.m.) were significantly higher 

CEO. U0 >)etnanewi enn day (4.m.ecorp.m.) and witiin night. (p.m. toa.m.s) 
movements. Only females with and without broods were exceptions; 

their rate of travel was similar between consecutive days (a.m. to a.m.) 
and from p.m. to a.m. (Appendix 2). Early morning and late evening 
were the periods of greatest travel and both were included in the 
analysis of daily movements by using the first observation on 
consecutive days. Student's t-test and analysis of variance (Steel and 
Torrie 1960) were used to make comparisons between daily movements and 


between seasonal distances (D). 
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RESULTS 
Dispersion of Female Spruce Grouse 


Winter 


The areas used by individual adult and juvenile female spruce 
grouse overlapped extensively during the winter season (Figs. 1 and 2). 
They were spaced randomly (R=0.97, Table 1) in section A (Fig. 1) but 
were aggregated (R=0.46, Table 1) in section B (Fig. 2). The mean 
distance (D) between neighboring females was 179 m in section A and 
97 m in section B (Table 2). Two additional females in section A 
and three in section B died early in the study period. Had they 
survived, the degree of range overlap of birds during this period would 
have increased and the R and D values would probably have decreased in 
both sections. The difference in dispersion values (R) between sections 
A and B may have been caused by larger expanses of suitable winter 
habitat in section A allowing birds to spread out over larger areas. Female 
2 (14 sightings, Fig. 1) and female 15 (11 sightings, Fig. 2) were not radio- 
tagged during the winter period and females 3 and 4 (10 and 11 sightings, 
respectively, Fig. 1) were not captured and radio-tagged until late March 
when the study area boundary was extended; the number of sightings of these 
females was insufficient to accurately estimate their winter areas as their 
observation-area curves were still rising (Odum and Kuenzler 1955) with 
each additional location (Appendix 1). These birds appeared to occupy areas 
similar in size to those of other individuals in the winter population and 
their locations were considered in determining R and D values. 

The size of areas used by 10 juvenile females, including females 43 


and 69 located in section C of the study area, ranged from 0.6 to 
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Figure 1. Spatial relationships among 10 female spruce grouse 
during the winter season in section A (February 8 - 


April 11, 1975). Females 1-4 are adults. 
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Figure 2. Spatial relationships among five female spruce grouse 
during the winter season in section B (February 3 - 
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Table 1. Dispersion values (R) for the spatial relationships between 


nearest neighbor female spruce grouse during all seasons in 1974 and 


to os 
Season 
Study area 
section Year Winter E. opring L. Spring Summer Autumn 
L 
A UES Nels = oS == i 0-93 
Alt 0 977 0.997 al 86° 1 aly 1 agt 
8 
B 1974 Ad. = 1.90 = - - 
All a 1200 2.09? yee = 
B L975 All 46° 0.787 1.89° ca a 
; } 3 
C 1975 ALL = = 1.96 = = 
: random 
z significantly aggregated (P<0.05) 
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sienificantly uniform (P<0.05) 
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7.0 ha during the winter season (Table 3). Five adult females, including 
females 41 and 42 located in section C, occupied significantly smaller 
areas (P<0.05), ranging from 0.08 to 3.0 ha (Table 3). Those females 
presenred in vies. land 2) (Ui.e,, female. 2. hie. 1) that were not 
located a sufficient number of times to accurately estimate area size, 
are not listed in Table 3. 

Daily movements of adult females in winter (x = 37 m) were 
significantly lower (P<0.05) than daily movements of juvenile females 
(x = 53 m, Table 4). Both radio-tagged and banded females of both 
ages often spent several days in small areas (0.1 to 0.25 ha) and 
occasionally were located in the same tree on 3 or 4 consecutive days; 
in these instances daily movement was recorded as zero. Indirect 
evidence, based on the amount of droppings beneath these trees during 
periods of snowfall, indicated that movements away and back from these 
trees occurred on the same day on some occasions. Most individuals 
returned to the same tree or clump of trees on several occasions after 
variable periods of absence. These "favorite" trees were used by 
different individuals and may represent preferred areas of habitat used 
for feeding and roosting. Winter flocks occasionally aggregated at 
these sites, possibly because of characteristics of these trees or the 


surrounding habitat. 


Early Spring 


Daily movements by both juvenile and adult females increased 
significantly (P<0.01) above winter levels during the early spring 
season (Table 4). At this time as during winter, the movement of 


juveniles (1794215 m) was significantly farther (P<0.01) than adults 
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Size of areas in hectares occupied by adult and juvenile female 


spruce grouse during each season of 1974 and 1975. 
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(101+104 m). Areas used by individual female grouse continued to 
overlap greatly during early spring (Figs. 3 and 4) but the size of 
the individual areas used increased dramatically for juvenile and to 
a lesser extent for adult females (Table 3). Juvenile female 6 in 


section A (Fig. 3) occupied the largest area recorded (37.9 ha). 


‘In section A (Fig. 3), the mean distance between nearest neighbors 
(D) remained similar (P>0.05) to the winter season (Table 2) and 
dispersion remained random (R = 0.99, Table 1). Im section B (Fig. 4) 
the mean distance between nearest neighbors increased to 175 m (Table 2) 
and dispersion was not significantly different (P>0.05) from randomness 
(R=0.78, Table 1). 

Juvenile females often moved long distances away from the area 
normally used, returning to it the following day. These excursions 
may have given them the opportunity to inyestigate new habitat. Over- 
wintering juvenile females 7, 8, 9 and 10 left section A permanently 
(Fig. 3) during spring dispersal of 1975. Emigration of these juveniles 
coincided with the appearance of the first new juveniles on the study 
areas (eemales 33, 34 and 35, Pies, 3, and 16, Fie. 94). Daily movements 
of juvenile females emigrating during spring dispersal are presented in 
Appendix 3. 

The movements of most resident adult females remained centered on 
the winter range (Figs. 1, 2, 3 and 4), The areas used by some adults 
shifted short distances during this period, for example female 11 (Figs. 
2 and 4). Migratory adult females (Keppie 1975), wintering on the study 
area, left during this period (females 4, Fig. 3, and 135 and, 15,5tie. 4) 


and migratory adult females (female 23, Fig. 5) returned to breed. Thus, 
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Figure 3. Spatial relationships among 13 female spruce grouse 


during the early spring season in section A (April 


12 = May 15, 1975). Females 1-4 (are adultc™ 
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Figure 4. Spatial relationships among six female spruce grouse 
during the early spring season in section B, 1975 


(April 12 - May 22). Females 11 and 13 are adults. 
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the individuals involved and the resulting density and dispersion of 
females changed. Daily movements of adult females during spring 
migration are presented in Appendix 3. 

The distribution of adult and juvenile females on section B in 
1974 is depicted in Figs. 5 and 6. In that year, the density was higher 
than in 1975 (13 vs. 5) and the dispersion of adult females (snk ey) 
was uniform (R = 1.9, Table 1) with a mean distance between nearest neigh- 
bors of 303 m (Table 2). The areas used by females 19 and 20 shifted 
over this period of early spring observations. Female 19 settled in the 
isolated north section of its area and female 20 in the northeast 
section of its area (Fig. 5). This movement of female 20 into the 
vacated area of female 19 accounts for the apparent overlap area of these 
two individuals shown in Fig. 5. Female 23, a migrant breeding on 
section B, did not establish a breeding range until female 20 had 
vacated the southwest segment of its area. Female 17 was not radio- 
tagged during this period and consequently its area is not well known. 
Daily movements (Table 4) and size of areas used (Table 3) by adult 
females in 1974 were similar to those for adult females in 1975 
Crap les srand: 4) 

Seven juvenile females overwintered in section B in 1974. In 
early spring, their areas of use overlapped each other (Fig. 6) and 
those of adult females (Fie. 5), a situation also seen in 1975 (Figs. 
3 and 4). Only two juvenile females were successfully radio-tagged 


(females 27 and 28); both left the study area during spring dispersal, 


as did females 24 and 26. Two juvenile females died because of improper 
harnessing with the radio package (females 29 and 30) and a third (female 
25) was lost to a predator. Since too few locations were obtained on 


banded individuals and transmitters were removed from radio-tagged 
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Figure 5. Spatial relationships among seven adult female spruce 
grouse during the early spring season in section B, 


1974 (April 9 - May 25). 
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Figure 6. Spatial relationships among seven juvenile female 
spruce grouse during the early spring season in 


section B, 1974 (April 9 - May 25). 
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juveniles as soon as they left the section for the first time, I could 
not accurately determine either daily movements or sizes of areas 
used. The mean distance between nearest neighbors dropped to 177 m 
from 303 m (Table 2) with the inclusion of all seven juvenile females. 
The nearest-neighbor dispersion value (R) also decreased from 1.9 to 


1.4 indicating a less uniform distribution of individuals (Table 1). 


Late Spring 


All female spruce grouse were uniformly spaced (R = 1.86 - 2.09, 
Table 1) and occupied essentially exclusive areas that were separate from 
males during spring (Figs. 7, &, 9 and 10). Mean daily distances between 
nearest neighbors (D = 315 -— 363, Table 2) were significantly higher 
(P<0.01) than in previous seasons. Three juvenile females (31, 32.and 
34) immigrated to section A of the study area (Fig. 7) and established 
breeding areas in habitat largely unoccupied by resident females. 

Female 35 spent 6 days in section A before travelling to section B 
(Fig. 8). Only one overwintering juvenile female (6) remained in 
section A during the breeding season. Female 5 overwintered in section 
A and is included in Fig. 7 - its area extended past the original 
boundary of the study area. 

Although the area occupied by female 35 in Fig. 8 appeared to com- 
pletely overlap that of female 36, several locations of female 35 respon- 
sible for this overlap were recorded before the arrival of female 36. lemale 
12 established its breeding range in the same area as its winter range 
(Fig. 2) while female 14 moved to the northwest. Female 38 was 


captured late in the season when the study area boundary was extended 


(Fig. 8). Female 16 was killed 4 days after radio-tagging (Figs. 4 and 
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Figure 7. Spatial relationships among nine female spruce grouse 
during the late spring season in section A (May 16 - 
June 9, 1975); stippled areas occupied by territorial 


male spruce grouse. Females 1-3 are adults. 
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Figure 8. Spatial relationships among seven female spruce grouse 
during the late spring season in section B, 1975 (May 23 - 


June 11); stippled areas occupied by territorial male 


spruce grouse. Female 11 is an adult. 
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Figure 9. Spatial relationships among eight female spruce grouse 
during the late spring season in section B, 1974 (May 26 - 
June 19); stippled areas occupied by territorial male 


spruce grouse. Females 71/5 194V200) 2h 27 eandeeoeare 


adults. 
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Figure 10. Spatial relationships among five female spruce grouse 
during the late spring season in section C (May 14 - 
June 12, 1975); stippled area occupied by territorial 


male spruce grouse. Females 41, 42 and 45 are adults. 
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8). Female 11 (Fig. 8) remained in the area to which it had moved from 
winter range (Fig. 2) and this area coincided with a part of its range 
in 1974 (Fig. 9). 

Fig. 9 shows the distribution of female spruce grouse on 
section B during the 1974 late spring period. Females 11 and 39, 
juvenile immigrants, established themselves in unoccupied habitat. 
Resident adult females remained in the same general areas that they 
occupied at the end of the early spring period (Figs. 5 and 9). Five 
additional female spruce grouse were radio-tagged in 1975 on a separate 
part of the study area and their pattern of distribution was similar 
to that of the other areas monitored (Fig. 10), namely uniform 
(Cea eb OO jeeraeb te 1) 

The size of areas occupied by aduit females in late spring 
averaged 2.3 ha in both years (Table 3). This size was significantly 
smaller (P<0.05) than that occupied in late spring (7.2 ha) by 
overwintering juvenile females which remained in the study area in 1975 
(Table 3). Immigrant juvenile females were recorded occupying the 
largest areas (12.2 ha + 4.1, n = 3) probably because locations used 
in measuring this area included those recorded upon their arrival on 
the study area, a time when these birds apparently were still searching 
for an appropriate space. Both age-classes of females occupied areas 
in late spring which were smaller than those occupied in early spring 
Clap less). 

Daily movements increased significantly (P<0.01) for both age-classes 


of females during the late spring season in 1975 (Table 4); adult 
females moved a significantly lesser mean daily distance (25! mm). than 


juvenile females (234 m) (Table 4). Adult females moved at a lesser 


rate in 1974 than in 1975 (Table 4); the two juvenile females radio-tagged 
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in 1974 moved a minimum daily distance of 162 m which was also less than 
the rate for juvenile females in 1975. 

Nests were located for all adult and some juvenile females; nest 
sites are included in Figs. 7 - 10. Nests were often positioned at the 
edge of a female's area, possibly outside areas of heavy use. Nest sites 
were uniformly spaced as a result of the separation of female areas in 
Iebemspring  (Re= 1t7, 1.95 2.0eand) 1e65 Figs. 72- 10, respectively) - 

Nests weretnot found for juvenile females 35, 36 and AS’ in 1975 and 
39 and 40 in 1974. Female 39 was recaptured in early July to replace a 
faulty transmitter and had a well-developed brood patch at this time - 
radio transmission failed in early June before any evidence of nesting 
was obtained. Although no evidence of nesting activity was obtained for 
the other four juvenile immigrant females, movements were localized and 
nests may have been destroyed before discovery. 

Areas used by both juvenile and adult females were separate from 
those used by displaying males and were established on the periphery of 
the main aggregations of these males (Figs. 7 - 10). Females therefore 
did not nest on male territories. Juvenile males that did not establish 
defined territories moved within the areas occupied by female grouse. 
These juvenile males did not display or respond to tape recordings of 
female calls; displaying males always responded immediately with courtship 
behavior. 

A degree of overlap in space between male and female grouse must 
exist for ‘copulation to occur; females were located on oceasion in the 
presence of malés) near the peripheries of male territories. Territorial 
males were also observed far from their territories on some occasions 


(e.g. male 5, Fig. 19) possibly in pursuit of females or in the avoidance 


of predators. 
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Summer 


Female spruce grouse ceased to occupy exclusive areas immediately 
after either nest destruction or hatching and areas of use again over- 
lapped considerably (Figs. 11 and 12), The pattern of dispersion was 
significantly different (P<0.05) from random as R values were 1.51 in 
section A Gate. 11) and 1°63 in seetion B (Fig. 12) (fable 1). Mean 
daily distances between nearest neighbors remained similar to the 
previous period in both section A (328 m) and section B (302 m) (Table 
2). Thus, areas of use overlapped but females were seldom observed in 
close proximity to one another, separation being maintained temporally 
rather than spatially. No females nested successfully in section A 
(fie. Li). females 1, Q°and 21 (fic. /) died shortly after their 
nests were destroyed and are not shown in Fig. ll. 

New females were added to the groups on both sections of the 
study area during summer (46 and 47, Fig. 11 and 48, 49 and 50, Fig. 12). 
This happened because the area censused had increased through the 
expansion of areas used by radio-tagged birds and females moved from 
late spring areas (i.e. female 19, Figs. 8 and 12) to new areas. The 
three new females in Fig. 12 had been banded previously in an area 
adjacent to section B and were radio-tagged early in summer. Their 
subsequent movements in turn expanded the study area boundary but no 
attempt was made to search this new area for other female grouse. 

Females moved over larger areas in summer than during any other 
season; females with broods occupied the largest areas averaging 
29.0 ha (Table 3). ‘Female 46 (Fig. 11) wandered over an area of 37.7 ha 
during the summer - the largest area occupied by any other female 


without a brood was 27.7 ha (female 6, Fig. 11). Females with broods 
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Figure 11. Spatial relationships among seven adult female spruce 
grouse during the summer season in section A (June 12 - 


September 1, 1975). 
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Figure 12. Spatial relationships among nine adult female spruce 


grouse during the summer season in section B (June 22 - 


September 1, 1974). 
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and those without occupied the same general areas of the study area 
(Fig. 12) although females with broods often selected forest openings, 
confirming McCourt's (1969) observations. 

During the summer season in both years, females without broods 
moved significantly less (P<0.01) than females with broods (Table 4). 
Females with broods moved at the highest rate (200 m) of adult females 
at any season (Table 4) which may reflect travel necessary to acquire 


adequate food for growing chicks (juveniles). 
Autumn 


Section A in 1975 was the only area monitored during the autumn 
period. Ezarly in the season before the first juvenile immigrants 
arrived, adult females were randomly dispersed (R = 0.93, Table 1) and 
the mean distance between nearest neighbors (D) was 221 m (Table 2). 
Adult females occupied the same general areas as during the summer 
season and overlap between individuals remained extensive (i¢e6. 2 vand 
13). Migratory female 7 arrived in mid-September, migratory female 46 
departed in early October, and the switch in the area used by female 5 
(Figs. 11 and 13) altered the composition of adult females in the 
study area. 

Juvenile females entered the area in early October when four 
individuals were captured and radio-tagged. Unlike the late spring 
period, no attempt was made to select areas of unoccupied habitat (Fig. 
14); they were often found together with adult females. However, the 
dispersion value (R) increased significantly toward uniformity (R=1.28) 
with the inclusion of these juveniles in the autumn population (Table 1. 


The mean distance between nearest neighbors of 227 m after the immigration 
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Figure 13. Spatial relationships among eight adult female spruce 
grouse during the autumn season in section A (September 2 - 


November 17, 1975). 
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Figure 14. Spatial relationships among four immigrant juvenile 
female spruce grouse during the autumn season in 


section A (October 10 - November 17, 1975). 
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of juvenile females was Similar to a mean distance of 221 m between 
adult females before their arrival (Table 4). Thus, it appeared that 
juvenile females were spacing themselves in relation to other females 
on the study area. Female 54 left the area on November 14 and was 
recaptured three days later 3 km away - females 51 and 52 remained on 
the area for the winter. The fate of female 53 was unknown as radio con- 
tact was lost on October 24 and she was not resighted on the study area. 
Adult females occupied areas in autumn similar in size to those 
of broodless females in summer (x = 12 ta, laplien 3) By late October 
with the first days of snow cover, females restricted their movements 
to smaller areas. However, the study was terminated before this aspect 
could be documented quantitatively. Juvenile females a1, Deand 
53 occupied areas estimated at 450, 5.6 and 6.3 ha; respectively but 
insufficient observations were made to accurately estimate the size 
of areas used as area sizes were still increasing. Juvenile female 
54 ranged over 16.7 ha before it left the study area. 
Daily movements of adult females averaged 162 m in autumn, a 
rate similar to late spring movement (Table 4) in 1975, with an occasional 
long distance excursion. Immigrant females moved an average of 181m 
daily (Table 4). This mean rate of daily movement did not differ 
significantly (P>0.05) from that of adult females, unlike the late 
spring season when juvenile females moved at a much higher rate 
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Dispersion of Male Spruce Grouse 


Winter 


Adult male spruce grouse were seldom found together, apparently 

avoiding areas occupied by other adult males during the winter (Figs. 
15 and 16). The pattern of distribution was random for adult males 

in Fig. 15 (R = 1:19, Table 5). This measure of dispersion, based 

on few sightings, may not be accurate as some individuals were located 
at long distances from the locations of major use (males 4, 5 and 6, 
Fig. 15). Males 1 and 2 (Fig. 15) died early in the winter in section 
A thus providing few observations. 

By contrast, juyenile male spruce grouse were often found together 
and their areas of use overlapped each other considerably (Figs. 15 and 
led Overlap between areas used by juvenile and adult males was 
variable; areas used by the two age-classes appeared essentially 
exclusive in section A (Fig. 15) whereas considerable overlap between 
aveas existed in section B (fig. 16). The dispersion of all wales in win- 
eer was random (KR = 0.70, Fie. 15, and R = 0.76, fie. 16, Table: lcs t 
radio-tagged five juvenile males during the last 2 weeks of winter 
which accounted for the higher number of sightings of them (males LO; 
lil and 12, Fig. 15; 12 and 15, Fig. 16). Male 12 moved between sections 
A and B during this period (Figs. 15 and 16). 

The size of areas occupied by juvenile male spruce grouse ranged 
from 1.9 - 14.7 ha (Table 6). Only one adult male (17, Fig. 16) was 
observed a sufficient number of times to determine the size of the area 
occupied - 2.1 ha. Extrapolating from the observation-area curve 
(Appendix 1), it appeared that most adult males occupy areas of 1.5 - 


2.5 ha in winter. Mean daily moyements of adults and juveniles were 
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Figure 15. Spatial relationships among 13 male spruce grouse 
during the winter season in section A (February 8 - 


April 11, 1975). Males 1-8 are adults. 
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Figure 16. Spatial relationships among eight male spruce grouse 
during the winter season in section B (February 3 - 


Aprile, 1975).9) Males 16-19 8are aduitse 
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Dispersion values (R) for the spatial relationships 


between nearest-neighbor male spruce grouse in 1974 and 1975. 
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Size of areas in hectares occupied by adult and juvenile 


malé spruce grouse in 1974 and 1975. 
ee ee a A ee ee 


Male 


no. 
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Table 6. continued 


Male 


no. Age Year Winter Early Spring bate Spring 


32 Ou7C21) 
Se On (22) 
34 0.9(20) 

x+SD 0.940.5 
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similar (86 m and 79 n, respectively, Table 7). Male grouse were 
located in the same tree or clump of trees on consecutive days 


although not as frequently as females. 
Early Spring 


Juvenile males greatly expanded areas used during early spring; 
these overlapped areas occupied by several resident adult males 
(Picea) and 18). <The dispersion of males in section A Chie Wy) 
was random (R = 0.84, Table 5); in section B (Fis, 18) too few 
sightings were made of most individuals to permit calculation of a2 
distribution pattern. Locations of adult males were not individually 
plotted in Fig. 17 as too few locations were obtained. However, based 
on the few locations recorded, the areas used aa oe essentially the 
same as in winter. The two resident adult males in section B also 
occupied areas similar to those in winter (males 16 and 17, Figs. 16 
and 18). 

The extensive movements of juvenile males were reflected in the 
size of areas occupied and the length of daily movements. Average 
size of areas used was 39.6 ha (Table 6) and daily movements averaged 
284 m (lable 7). Mean daily movements of adult males were significantly 
less than juveniles (Table 7) in both 1974 and 1975. In 1974 aduit 
males moved significantly less than adult males in 1975 (Table 7), 
possibly influenced by the relative absence of juvenile males in section 
B in 1974; adult males might move over greater distances if interactions 
with juvenile males occur frequently when territories are being 


established. 
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Figure 17. Spatial relationships among seven juvenile male spruce 
grouse during the early spring season in section A 


(Apel 1 2e— May 15, =LO pS). 


64 


t 
3 Me a 
eL \ Qs 
L ot Ss 


90a 


MOGV3IN (*) 


zonuds ( 5 


WV3YLS ANN 


W 0oz ° 


. pire’ coo 


BA AWE tee HA 
al us SMA, © AGMoy 


eatiss TH. 0% Yao : 


nt §4e4 


Figure 18. Spatial relationships among seven male spruce during 
the early spring season in section B (April 12 - 


May 822, 1975)5 )Males lo, 8l/5) 23 ande24aresaduice. 
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Table 7. Mean (x) daily movements in meters of adult and juvenile 


male spruce grouse in each season of 1974 and 1975. 


SS SS ts ssp nibs nuns secnagutnngeses 


Season 
Age Year Winter Early Spring Late Spring 
Ad. 1974 = Ie Seo 2 i” 3” 8 
Ad. Abe 75) Sou Sigg2s se 130 yl 19 6389-20) a7 


Juv. US) 12 A236 284 321 139 334 266 79 
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Late Spring 


Adult male spruce grouse maintained well-defined territories 
during tote spring (Figs. 19 and 20). Overwintering juvenile males 
11 and 21 established territories in section A and restricted their 
activities to small areas. The dispersion of territorial males was 
“uniroumr (Rea 1593, Bie. 19sand R= 1.6, Pie. 20, Table 5). Average 
territory size of adult males was 1.0 ha (Table 6); few locations were 
obtained for juvenile males 11 and 21 (male 11 died on May 22 and male 
21 was not radio-tagged) but areas used by both males appeared similar 
to those of adult males. Mean daily movements were similar for 
adults in both years (71 m, 1974 and 68 m, 1975, Table 7). 

Two overwintering juvenile males (12 and 22, Fig. 19) used areas 
of 6.6 and 2.3 ha but neither were observed to display within these 
areas. Juvenile male 10 used an area of 10.5 ha (Fig. 19) before 
finally departing on May 25 but was rarely seen to display. Male 26 
immigrated onto the study area on May 11 and moved over a large area 
(14.8 ha, Table 6). These four males did not respond when tested with 
a recording of female calls and were located only peripherally to 
the territories of displaying males (Fig. 19). Mean daily movements 
of displaying males were significantly less (P<0.01) than those of 
non-displaying juveniles (Table 7). The dispersion of all males in 


section A was random (R = 0.96, Table 5). 
Summer and Autumn 


Male spruce grouse displayed with less intensity as females began 


to incubate and by mid-June they began to move outside late-spring 
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Figure 19. Spatial relationships among 11 male spruce grouse 
during the late spring season in section A (May 16 - 
June 9, 1975); early spring sightings of adult 


males also included. Males 4-8 and 25 are adults. 
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Figure 20. 


Spatial relationships among eight male spruce grouse 
during the early and late spring seasons in section B, 
1974 (Aprid 99 — “June /, 29/4) 2) Males [ome 24 ez 


28, 29 and 30 are adults. 
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territories. Specific attempts were not made to locate males during 
summer. Occasional sightings of territorial males were often far from 
areas known to be used in spring; non-territorial juvenile males also 
were located outside areas used in spring. 

In late summer and early fall a resurgence Ol display activity 
occurred. Banded territorial males were located in basically the same 
areas that they occupied the previous Spring. No quantitative data are 
presented on these phases of male activity because of small sample 
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Behavior of Female Spruce Grouse 


The tape recording of female calls was played to individual female 
Spruce grouse to determine their behavioral responses over time and to 
. determine whether this behavior might be related to the type of dispersion 
observed. The reactions obtained from juvenile and adult females during 
the early and late spring seasons in 1974 are presented in Table 8, 
Adult females 19 and 22 responded by answering the call and approaching 
the recorder when first tested on April 23 and 27. Female 18 was a 
migratory adult known to be on winter range. ete did not "call som react 
overtly to the playback. Female 21 did not call until May 26 and was 
the only resident adult female that did not call in response to the 
recording during earlier testing (Table 8). 

Female 22 failed to call in response to the playback on May 25 and 
June 5 after calling strongly five times from April 23 to May 12. 
However, on May 25 she did call in response to the call of a neighboring 
female that had called in response to the tape. It appears the failure 
of female 22 to call on these later dates may have been due to an 
habituation to the eocee tiie Female 23 arrived on the area as a spring 
resident on May 6 and called when first tested on May 8. 

None of the three overwintering juvenile females tested called in 
response to the recording and each fled from the test site on one occasion 
(females 26, 27 and 28, Table 8). All three of these juveniles left the 
Study area during spring dispersal. The two juvenile females that 
immigrated to the study area called when tested within the areas where 
they became established (Table 8). Female 11 was not tested until her 
movements indicated a strong degree of localization and female 39 was 


observed for the first time when she responded to the recording while 
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it was being used to test another female. 


The intiation of field work in mid-winter of 1975 and the addition 
of new sections in the Study area provided an opportunity to conduct 
experiments over a longer time span with more individuals than in 1974, 
particularly with juvenile females. Experiments were conducted from 
March 4 until June 4 and were resumed again during the autumn season. 

The same response pattern obtained in 1974 was evident in juvenile and 
adult females tested in 1975 (Table 9). 

All resident adult females called in response to the recording 
beginning in early March and continued through May. Overwintering 
migratory adult females (4, 13 and 55) did not call in response to the 
playback in March and April while on their winter range (Table 9). 
However, all three females did react strongly after migration in May. 

Overwintering juveniles failed to manifest any responses throughout 
March and April (Table 9). The two juvenile females (6 and 12) using 
areas in late spring that included parts of their winter areas began 
calling when tested on May 10. This coincided with the first departure 
from the study area of juveniles during spring dispersal. Female 
immigrants onto the study area (31, 32, 34, 35 and 36) and overwintering 
juveniles that were followed during spring dispersal until subsequent 
establishment on breeding range (7, 8 and 56) also reacted in response to 
the tape recording when tested in late May and early June (Table 9). 
Unlike resident adult females that called in response to the test 
recording as early as mid-winter, juvenile females did not respond 
until late spring at which time they were occupying their future breeding 
areas. Thus all females present in an area in late spring reacted overtly 


to the recording which coincides with the season of maximum dispersion 
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Adult females were first tested during the fall period on September 
8. All individuals responded by calling, but none approached the recorder. 
Calling was erratic and of low intensity. During three experiments male 
spruce grouse arrived at the test site and their initiation of courtship 
activities caused the females to cease calling and leave the site 
pursued by the males. The arrival of males during other seasons did 
not prohibit females from continuing to call. Three adults were tested 
again in late October but failed to respond overtly at that time. Female 
immigrants tested in late October did not respond to the tape recording. 
The responses of females to the recording during autumn were in direct 
contrast to late spring behavior and there appeared to be no attempt by 
adults or juveniles to prevent immigrants from settling in occupied area. 

Opportunities to witness natural encounters between individual 
females were rare. Calling was seldom heard and femaie grouse were 
usually found alone once the late spring period began. On three separate 
occasions females were observed calling while chasing another female. In 
all instances the individual calling was clearly the dominant bird as 
the female being chased did not call back and moved away when the calling 
bird approached to within approximately 5 - 10 m. Encounters occurred 
at the end of the early spring season and at the beginning of the late 
spring season. During the former period one encounter involved two 
immigrant juvenile females and another an overwintering migratory adult 
and an overwintering juvenile female. In the first case the dominant 
immigrant continued to use the area where the encounter was observed; in 
the second, the overwintering juvenile was the dominant individual and 
the encounter occurred on the migratory female's winter range just prior 
to her departure. Unfortunately this juyenile was not observed again 


after this date and her fate was unknown. The third encounter involved a 
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resident adult and an immigrant female and occurred within the area used 


in late spring by the resident adult female. The resident female was 


clearly the dominant individual and nearly physically attacked the 


immigrant female before the latter fled from the area. These observations 


together with the results of the playback experiments appear to indicate 
that behavioral interactions may be an important mechanism in determining 


the spatial relationships of individuals. 
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DISCUSSION 


The results of this study indicate that Spruce grouse occupy areas 
eIMeHe Bree uniformly spaced during late Spring, Not all birds entering 
this population in late Spring were breeders (e.g. non-displaying juvenile 
males and possibly some juvenile females) and not all areas occupied 
were indeed exclusive - non-territorial juvenile males overlapped females 
of both age-classes. All birds actively involved in reproduction occupied 
areas that were exclusive of other reproducing individuals (particularly 
those of the same sex) but not necessarily of all members of the spring 
resident population. 

Exclusive areas occupied by female spruce grouse are uniformly 
distributed throughout suitable habita: and tended to be located around 
the periphery of a central core of territorial males. The mechanism for 
maintaining spatial separation between individual females appears to be 
behavioral; resident adult females are aggressive toward one another and 
toward juvenile females attempting to settle in the same habitat. 
Juvenile females also interact aggressively with one another when 
attempting to establish breeding ranges in late spring. Most adult 
females are located in late winter close to their subsequent late-spring 
areas. Positive overt responses of these females to tape-recorded calls 
at this time appear to indicate firm site attachment to these areas 
although adults were found with juvenile females and no overt hostility 
was observed. Migratory females which do not engage in reproductive 
activities on their winter areas did not respond aggressively to the 
tape-recorded calls but did so on their breeding areas. Thus behavioral 
responses are associated with occupancy of a breeding area. 

Hostile encounters between individual females were not observed 


until early May. These coincided with spring dispersal of overwintered 
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juveniles at which time juveniles were responding aggressively to the tape- 
recorded calls for the first time. At this time adult females were beginning 
to maintain exclusive areas and those juvenile females which successfully 
entered the resident population also established exclusive areas. As 
encounters were rarely observed and calling seldom heard, areas may be 
Maintained by mutual avoidance rather than overt hostility. These 
exclusive areas can be termed territories following both Noble's (1930) 
definition of territory as a "defended area" and Pitelka's (1959) concept 
of territory which stresses exclusive use of resources and dispersion 

of members of the population. The long daily movements of both juvenile 
and adult females recorded during this season may reflect patrolling 
activities necessary to maintain territorial integrity. Definitive ter- 
ritorial boundaries were not observed, 

Areas occupied by female spruce grouse during all other seasons 
(winter, early spring, summer and autumn) would appear to be best described 
as home ranges (Burt 1943). These areas are not known to be defended 
and often considerably overlap one another. Females with broods travel 
extensively over large areas as reported by Ellison (1973) and Haas (1974). 
Unlike Ellison (1973), I observed no long distance movements (2-3 km) of 
females with broods although Keppie (1975) observed new broods entering 
the study area in late summer which may have moved long distances. 

Females were rarely located in close proximity to one another during 
summer; spatial separation seemed to be temporally maintained. 

What is the selective advantage of female territoriality during 
late spring? Is the pattern of spacing related to the amount or quality 
of food? Although pani ners not intensive during the late spring season 
(birds were collected on May 11 and June 10), Pendergast and Boag (1970) 


indicated spruce grouse began to select newly sprouting herbs as they 
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became available with a corresponding decrease in the use of conifer 
browse. I observed female spruce grouse feeding on herbaceous vegetation 
during late spring on several occasions. This food resource May not 
be readily available as new growth is just beginning to appear. Thus 
the possibility exists that female spruce grouse establish territories 
to protect a rare food source for themselves during the prelaying period. 
Long daily movements recorded at this time may also be in search of 
newly sprouting herbs. Female red grouse (Lagopus lagopus scotticus) 
require a high-nutrient diet for egg production, hatching success and 
subsequent survival of chicks (Miller et al. 1966, Moss 1968). Thus 
female spruce grouse that obtain a nutritious food source during prelaying 
(herbs or conifer browse) would increase their chances of breeding success 
and survival of their offspring. 

Another possibility involving the food resource concerns the diet 
of female spruce grouse during incubation. Females appear to select the 
growing tips of needles of white spruce (Picea glauca) throughout incubation 
(Pendergast and Boag 1970 and Herzog, unpubl. data). Spruce needles and 
new leaders are bulky and can be obtained easily allowing incubating 
females to feed quickly and may be digested more slowly than herbs during 
long periods of incubation between feeding trips. Females would also 
leave less scent for predators to find by feeding in trees rather than 
walking to acquire herbs. On one occasion I followed a female to a 
feeding tree she used frequently in which another female was already 
present. After feeding for 20 to 30 seconds the female that I had followed 
called twice and the other female (an immigrant juvenile that was not 
incubating) flew from the tree out of sight. This female may have Lent 
because of the call or because she was satiated and had ceased to feed. 


The female call was played to five females during their incubation periods 
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while feeding in spruce trees and in each case they called in response; 

in one instance the female flew to the ground and approached the recorder. 
These females may have been responding to the call to defend the feeding 
Site or their territory as a whole. However, these observations suggest 
that female spruce grouse may establish exclusivé areas to ensure adequate 
food resources during incubation. Many authors have considered the role of 
food in the establishment of territorial systems (Hinde 1956, Tinbergen 
1957, Wynne-Edwards 1962, Brown 1969 and others) and Lack (1954, 1966) felt 
Ghat the distribution of essential resources (mainly food) was the primary 
cause of spacing. The relationship of food resources and female territoria- 
lity is certainly an area for future research. 

The uniform distribution of female Spruce grouse in late spring en- 
Sures a wide dispersion of nests and may reduce the chances of nest preda- 
tion. This is of direct survival value to potential offspring and females 
themselves may be less vulnerable to attack when nesting alone. Females 
do not nest on male territories possibly because male display sounds attract 
predators. If dispersion is more efficient than aggregation (flocking) as 
a means of increasing survival and production, spacing behavior may have 
evolved primarily to reduce predation with food selection in late spring 
basically a matter of preference rather than need. 

The mechanisms and consequences of female spruce grouse territoriality 
may apply to other species of forest grouse, an area that needs to be 
imyestigated. Stirling (1968) observed egeressive behavior of female blue 
grouse in the aviary and suggested this behavior may occur in the field 
to space females and Zwickel (1973) felt that behavioral interaction might 
space female blue grouse Geos the brood season. Boag (1966) and Bendell 


and Elliot (1967) observed extensive overlap of female blue grouse home 


wnksee) its, Si andois oy ‘hs yg as 


os 
we a 7 
teszgue sausdntornte| ant seit tte #0 
ite 
nagiigete oduen® Gs puatp Svbeinden wer  i, we 
Pa 
ie ated atts. Gorsbiviieo ovad eyetroe Saat Wo 2sethron 
a ty “ ~— od Laid ; “i 
angesdolt .ocef olalh) $m me ee tad 
ee “ye ve - > 
yied (ade! ebErr} eut Bio? 's vito tits vael naire SOL shies 
exsdelyy “if) aw 1hée? ¥lalug) 6507 Weigespes te ane Z 
phisn tie © Law J ru ( *4 iy () nly Sfies tein oT. 


Lambo fepigih) t e4t6 "A tielssien 


<wa shirguvesia! ft saucim, Seige “ands, 2c notes tyeLe! noha as 


=". ‘ Dei sail a 


i os’ ‘ , ’ os - ° 


- Jean od ve See, a . 


poles t hip gagt3qgeliG televise of Sn ie avaets “saetty te oie a aM 
t teen «2 . .* € 


~ 
— 
{ 
— 
~ 
oh. 


bs } 
4 =; 7 . 
eal sw .% ri ih teas fi J ig ® 4 4 ony cane. awe 
. = . o 
* - si < . 
PY “< 7 ee a 7 Bt 
Zoevse ehriee celdes) alagiarye soit Cie em ie gk pqkta> tain ue, a 
- a | é , a= : Ei a ba 7 v er ‘ a 0 


eB {pits 9002) 1a COs: < = in? | 2n16leatiie es m 6h @ Lagegess, Mic 2 


ewii yaa ry pala at wie 75) Ey i 4 San lie ae se miata 


yeu eS. iad i anal 44 iD< i he Pel 4 an yd a ca ene Lanier 
[cet « 7 e *. i “ rT) 7 
. Peat) fits a tea rie Pie ae Ba! oe 


1 


Vi bbe teh 2494 UNE AN I9e elowalT 1G aA ay ais 


| : we cy) uaa sate es a A 545 er + ea sii J = 
And lee rp gis obLeteyeie, xiv aioe tk Kee 

asa Wi Says 10 22m aie i <jnc ay) nie hue 

: ite A 349 “a | 12 _— . 


7 


a » ee 


BAe Te gia, a” 33) wah, 


ie 


fa pneu aoe by “itis a ie ) bes i A a . et 


plea sh aie iol eat OF ee 
ares 2 | | 


a en 


85 


ranges in spring although the latter believed individual birds were evenly 


spaced. However, in these studies observations of individuals were 


‘it exists. Brander (1967) radio-tracked female ruffed grouse and their 
movements indicated an attraction to areas occupied by drumming males but 
spatial relationships are unknown. Intensive radio-telemetry studies 

in suitable areas with a workable density of birds would indicate to what 
extent females of these two species are interacting in spring. The need 
to capture all females in a particular study area is a major difficulty 
in such a field project. 

Territoriality of male spruce grouse recorded in this study was similar 
to that described by Stoneberg (1967), McLachlin (1970), Ellison C197 Uy £973) 
and Anderson (1973) alth ugh in this study juvenile males which did not 
display on small territories, nevertheless, occupied fairly exclusive areas, 
peripheral to the aggregated territorial males but oyerlapping female areas. 
These juvenile males did not respond with display activity to tape-recorded 
female calls as did territorial males and I never observed these males 
performing flutter flights or wing-clapping (MacDonald 1968). Observations 
of these males were limited to brief encounters and may not accurately 
represent their degree of display activity. These juvenile males, unlike 
those studied by Ellison (1971), ceased to make long excursions from their 
main areas of use during the period of intense late spring display, 
although these excursions occurred regularly during the early spring 
period. Long daily movements during the late spring season were confined 


to discrete ranges and may reflect attempts to maintain exclusive areas. 


The aggregation of territorial male spruce grouse that IL observed 
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in this study is similar in density and spacing to that of male capercaillae 
(Tetrao urogallus) (Hjorth 1970) and I believe this association may be 
termed an arena. Individual male spruce grouse react to the display sounds 
of their neighbors with flutter flights and wing-claps (MacDonald 1968) 
and during intense display several males can be heard from one point. 
Such clumping of territorial male Spruce may only occur when densities 
of birds are high,as suggested by Gullion (1976) for ruffed grouse as he 
considers habitat selection to be a stronger influence than social 
interaction in clumping of drumming males. Although further research is 
needed on this point, my impressions of the forest habitat lead me to believe 
that social interaction may be a stronger force in clumping males than 
habitat considerations as the display sites of males are not particularly 
unique and males will shift territories from year to year. These shi‘ts 
may be influenced by loss of neighbors. The extent to which food resources 
play a role in male territoriality is unknown but the main function of this 
system may be to facilitate mating as sootiaties are unlikely to be 
interrupted by neighboring males and females may be able to locate a group 
of displaying birds more easily than solitary individuals when they are ready 
to mate. 

The territorial systems of both sexes of spruce grouse may influence 
the recruitment of juvenile birds to the spring resident population. 
Keppie (1975) documented spring dispersal of juvenile birds from this same 
population from early March to mid-May with most birds being lost (failure 
to sight banded individuals) after April 1. Males appeared to leave earlier 
than females and the loss of overwintered juveniles occurred prior to the 
arrival of new birds on the study area (Keppie 1975). Emigration and 
immigration of juvenile birds coincided in this study and the possibility 


exists that the banded birds missing early in Keppie's (1975) study had not 
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actually left the study area but were not observed because they were 


more mobile at this time. Juvenile males appeared to wander earlier 


than juvenile females in my study possibly because of the earlier onset 
of male territoriality. 

Keppie (1975) stated that Spring dispersal was an important means of 
adjusting numbers of birds in the Spring resident population but felt it 
was not the basic mechanism involved as something must stimulate birds to 
move. I believe the stimulus is behavioral and that the same mechanism 
(aggressive behavior) spaces birds on the breeding ee ee and also forces. 
juvenile birds out of the population during spring dispersal. Overwintered 
juveniles of both sexes begin to move extensively in early spring, possibly 
in search of suitable unoccupied breeding areas or in attempts to avoid areas 
occupied by residents. Those juveniles that establish territories in their 
winter ranges may be more aggressive in interactions between themselves and 
resident adults; those unable to acquire such an area may be forced out of 
the population and so disperse. Immigrant juveniles may arrive in a par- 
ticular area later in the season and may be more aggressive than emigrants, 
or resident birds may become more tolerant. Most spring emigrants survive 
into the summer (Keppie 1975) in habitat outside the study area. Keppie 
(1975) removed all the adult birds from a section of the study area in 
late winter to ne the hypothesis that adult birds were influencing the 
dispersal of juvenile birds. The rate of dispersal was similar on the 
removal and control areas which appears to negate the influence of adult 
birds. However, the removal area was small (60 ha) and the total number of 
birds breeding in the area was the same as the previous year. The possibi- 
lity certainly exists that juveniles were interacting with one another with 
less aggressive individuals moving out of the study area. There may also 


be an attraction of juvenile birds (especially males) to areas occupied 
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by adults. A removal experiment (complete removal of adults in early 
winter) conducted over a large area (150 ha) with intensive radio- 
tracking of remaining juveniles would give better insight into the 
influence of adult birds on spring dispersal. 

If the territorial behavior of adult spruce grouse is important in 
influencing the rate of spring dispersal and recruitment of juveniles, 
to what extent is such behavior important in the regulation of breeding 
numbers? Lack (1954, 1966) believed that in nearly all instances 
territorial behavior serves only to space individuals after their numbers 
have been determined by other factors (mainly starvation). Tinbergen 
(1957) and Wynne-Edwards (1962) believed that territorial behavior can 
limit numbers and studies by Watson (1967), Harris (1970), and Krebs 
(1971) support this idea. Watson and Moss (1970) felt social behavior 
could limit numbers only when certain conditions are fulfilled and it is 
useful to compare the available evidence concerning spruce grouse with 
these conditions. The first and critical condition of Watson and Moss 
(1970) is that a substantial portion of the study area bird population 
does not breed as a result of the social behavior of other members. 

Most spruce grouse in the resident population studied apparently bred, 
with the possible exception of those juvenile males which do not display 
regularly and a few immigrant juvenile females for which no evidence of 
nesting activity was obtained. Most emigrants survive (Keppie 1975) and 
three juvenile females radio-tracked during spring dispersal in my study 
nested which provides evidence that socially-induced mortality as a 
result of emigration may be uncommon. Thus social behavior of spruce 


grouse does not appear capable of limiting numbers under the conditions 


of Watson and Moss (1970). 
Territorial behavior may be influential in determining the density 


of the breeding population in preferred habitats (Kluvyer and Tinbergen 
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1953) and this may be the situation observed in this study. That the 
study area is preferred habitat is substantiated by the fact that spruce 
grouse are present in the highest density reported in the literature and 
that censuses in areas near the Gorge Creek study area indicate lower 
densities of birds (D. Keppie, personal communication). Brown (1969) 
listed three levels in relating territorial behavior and its possible 
influence on breeding density. I believe level 2 closely coincides with 
the results of this study and Keppie's (1975): "some individuals become 
dissuaded from breeding in the preferred habitat by the territorial 
behavior of the birds already established there: but these birds typically 
breed in other, less productive habitats (Brown 1969: 294). How immigrant 
juveniles are able to establish breeding areas in habitat left by over- 
wintered ‘uveniles is a question that deserves future attention. 

Until more evidence is available, the territorial behavior of 
spruce grouse appears to be either a response to competition for ecological 
requirements (food or breeding space) and/or the result of the evolution 
of an anti-predator mechanism. Secondarily this behavior serves as a 
mechanism for adjusting breeding density through spring dispersal of 
juvenile birds. Bendell et al. (1972) and Zwickel (1972) suggest that 
regulation of numbers of blue grouse inyolves behavioral interactions 
between resident adults and juveniles during spring and this interaction 


may indeed be similar to the behavior of spruce grouse observed in this 


study. 


mn ar 7 ba wet - 
ables ig tos ou 
sono sits tant wind . i 
Sie ot Setbri Sit nk ssh Festal ae 
revo! $suakbet noms yhusa Yoo? eure ond ‘ania waited 
(QB8L) ‘ovetd $(Aolta a Enmmnies iaieetey skuget a i “alatd we 
sidiagoq pil bas sdivnded Jn) aeib risa aebaeter ab elevel ay 
filw eabtantes viseets S foveal dumbing: T .yatensh siFoeuad 
quboed etinld tent’ asea “2C2vef). 2 ekaged Baw ybise wads ww, | 


[étzbsiuass wo Vo sus tdad Shetie¥ayg ofdvak urtthoetd msi b 


vlibaley? alcid scend Jud rotsd3 badebidsten ybsstie ebukd ‘eds! Ie gelyagar 
‘ : : - ; 
‘ . 4 ~ aa hg y 
inavalom) yo! 2(402 :960L mwork) etsvidad evitbeborg gaat stele at t oY ae 
; , 


~ysvo yi vis! satidal oi esate gible dalldnies of side oF 
noltan3 zegtae? a9V1/Reb 3&4) Mer teoup & al est ip § 
“ ™ ; Ba - 

. , as con oe 5 io q - 

lo Yeavesiod, lpitesiyis>, Mis) , aidei lays st) sonsbive ace nave 


Ispigolone {ot Worst anes eF SanotisarT au waft aa oF phate: serials 


wit gulavn whi 7 i aw 14 «Abe (aor qe sothshid BL) few) vinemeth 


Beh wavise rol tided. eld el yebhogse “Weeds relia een rae 
‘ 
to" Tegisge!b Snitz vient ey laque anibecns qutsenhia oF 


FR : a 

jens. ifosepe (£3 0D etsdaitws “ins ened in zo flehnat seb rid 

angisongoint lerobyeded deyblovail séudxy oul@ loceeedonen Oe ge 4 
neddarjuin) sits” bus acd uge Sib suls gollusvalt bie. saivbe [ees i si 19 


Bile Di, hEvTeedG > saikeyy) enietie qo re ad bil’ "4 tel inks at 


b 


BIBLIOGRAPHY 


ANJE, B. 1968. A simple test for uniformity of a circular distribution. 


Biometrika 55:343-354. 


ANDERSON, L. J. 1973. Habitat use, behavior, territoriality, and 


movements of the male spruce grouse of northern Minnesota. M.S. 


Thesis. University of Minnesota, St. Paul. 119 pp. 


BATSCHELET, E. 1965. Statistical methods for the analysis of problems 


in animal orientation and certain biological rhythms. Amer. Inst. 


Biol. Sci. Monogr. 57 pp. 
BENDELL, J.F., and P.W. ELLIOT. 1967. Behaviour and the regulation of 


numbers in blue grouse. Can. Wildl. Serv. Rep. Ser. 4. 76 pp. 


_, D. G. KING, and D. H. MOSSOP. 1972. Removal and repopulation 


of blue grouse in a declining population. J. Wildl. Manage. 36(4): 
Piso TGS 


BERNDT, R., and H. STERNBERG. 1968. Terms, studies, and experiments 
on the problems of bird dispersion. Ibis 110:256-259. 

BOAG, D.A. 1966. Population attributes of blue grouse in southwestern 
Alberta. Can. J. Zool. 44(5):799-814. 

BRANDER, R. B. 1967. Movements of female ruffed grouse during the 
mating season. Wilson Bull. 79(1): 28-36. 

1968. <A radio-package harness for game birds. J. Wildl. 

Manage. 32(3)+:630—532. 

BROWN, J. L. 1969. Territorial behavior and population regulation in 
birds. Wilson Bull. 81(3):293-329. 

, and G. H. ORIANS. 1970. Spacing patterns in mobile animals. 


Ann. Rev. Ecol. Syst. 1:239-262. 


90 


sta 7 beng | 
a cr ie 
ai Ti ~ cae 


:' a ed fi pet az: | 


: ~ ? 
7 7 p 40 ee _— 
bab ,yitlatrosin3si ~aoiviaisd ‘cm a rape a |< eRE 
au ie 


® co) 
pokiueEsaetb abt watts #126 


Se 


* 
2.6 ..57JopomnIt vradston 20 sau67 | spurge leden a mS vo8 . 


a, n 


Gq Off «lus .3e Ercan Se ci at it 

: / Way 7 . 
ams Lil +e iy. eleyisens Sut '‘ro9 eb asisem ten tset suite eek aes Lot ch Ag ‘ 
Nie a ote 


dent .y¥omA” ,euniigis Usoktadlald nieiga> tna nots ase a a t 


Les, 


ag *e .“geoenit ba, 
nalYefues: 41) Sas svatyoneh .tael “.TORUA .ee¢ oe 


4 7 we 
Vise. cu fl i# eH -SRuOCIs ‘suite gt ems nd 


G * i - 
& © 
4 * - _ ' _ P rns n 2 - ys a 4 rf ¢ y 
LJiit qogs) Bib LON uy at ved 1 +h wl. Bee wera a oly 


- eo 
s{m) 01 eonanel Ub LIW i nolgetiqon arti) osl & aris story 


i a 
P@o-cGS:lil etd! .ageroqebs hid Bo, dasidesg’s 


‘ ALe= ORs CCU ks Sons wh pape 
a" 
- , qe 
aid gatyob sev01g S4ijuT elemed 15 aigwmavolt NORE. 


as has 
~OEWBS; (LGN I Eat wey uy 


ate sesyiuos Wh sevorg 21d Gn absed lz os tekye sh pael 
tAbDiY i> .abyid anio) 20) -éeaurrad a eal sb 


we pe jatugs oulsad gor hain: 39 
- ie 


OL 


BURT, W. H. 1943. Territoriality and home facet once es as applied 
to mammals. J. Mammal. 24(3):346-353. 

CLARK, P. J., and F. C. EVANS. 1954. Distance to nearest neighbor as 
a measure of spatial relationships in populations. Ecology 
35 (4) :445-453. 

DUMKE, R. [., and C. M. PILS. 1973. Mortality of radio—tagged 
pheasants on the Waterloo Wildlife Area. Wisconsin Dept. Nat. Res. 
Tech uw a NOT / 28 Oc. pps 

ELLISON, L. N. 1971. Territoriality in Alaskan spruce grouse. Auk 
88 (3) :652-664. 

1973. Seasonal social organization and movements of 
spruce grouse. Condor /5(4):3/5-385. 

GULLION, G. W. 1976. Reevaluation of “activity clustering" by male 
PEOUSe like 3) alo 2=1 93: 

HAAS, G. H. 1974. Habitat selection, reproduction, and movements in 
female spruce grouse. Ph.D. Thesis. Univ. of Minnesota, St. Paul. 
T245Dp.. 

HARRIS, M. P. 1970. Territory limiting the size of the breeding 
population of the oystercatcher - a removal experiment. J. Anim. 
Beol. ~39(4)): /0/-/13. 

HARVEY, M. J., and R. W. BARBOUR. 1965. Home range of Mterotus 
orchrogaster as determined by a modified minimum area method. J. 
Mammal. 46(3):398-402. 


HINDE, Re A 1956. The biological significance of the territories 
ec 


of birds. Ibis 98:340-369. 


HJORTH, I. 1970. Reproductive behavior in Tetraonidae. Viltrevy 


7(4) 21-596. 


6 tochh ie: Jeateol- 62 sonesekl atava taenk DB: 
a, 


* > a a, 
fe = Ps oy 


vagitall .somltnsigqog ot. eqiterns 
. 4° fr 7 $7 
7 
: Pea et | id 3 Y @ ? ee > : 
. 7 oe - , 
buscnl-aited to yxtisivet~ .£9CL . 257s wD bee. 


noth, ati Thy coltesell) 682 ee a, 


as 7 > #48 


ee %: -Atat a 


. 
i; s apt =I D re Rae 
rt © 5 > o 
PRE*AVE EN tobe? - 80073 29 292 
; a i 7 = i 
7 7 
le A ‘ unt ; 4 vid f . r wuse .e ntes We P r port BA) 
= ia ‘ ' 2 2 a 4 
5B 4 at? ‘ew ‘3 4 Fe wuA_ 8 
- © : 
b : mors ah t ,moktced te 3 bee. 
. ; <! - 
iat — 


cette oa | e ro. } rf \ yoy = =< a 105 bar stes ad, ‘AG mse 


cae ee. ™ 


(ESK-FOKs ae 
, - i . A oo + al - 
BwiIeT I. To senkx gaa] «ddel Jalohinia ee 8 bain, 
: * 2 ’ @ seg F: = 


7 y a, is ? a 
4eiPgo3iiys) eif2 id sett i rote 


0 


we 
ebinonsdst 


a 


11 
; ty 
ea 4 


yi 


KEPPIE, D. M. 1975. Dispersal, overwinter mortality, and population 
size of spruce grouse. Ph.D. Thesis. Univ. of Alberta, Edmonton. 
BL Sepp. 

KLUVYER, H. N., and L. TINBERGEN. 1953. Territory and the regulation 
of density in titmice. Arch. Neerl. Zool. 10:265-286. 

KREBS, J. R. 1971 Territory and breeding density in the great tit. 
Beeloryaa2 Ch) +2-22. 

LACK, D. 1954. The natural regulation of animal numbers. Clarendon 
Press,, Oxford. (343 pp. 

1966. Population studies of birds. Clarendon Press, 
OntoOrd aot pps 

LANCE, A. N. 1970. Movements of blue grouse on the summer range. 
Condor 72(4):437-444. 

LUMSDENS eH. /Gae/ 1961.5 Displays ol (the spruce crouse. » Gan.ekicla. Nat. 
75 (3) 3152-160. 

MACDONALD, S. D. 1968. The courtship and territorial behavior of 
Franklin's race of the spruce grouse. The Living Bird 7:5-25. 
MCCOURT, K. H. 1969. Dispersion and dispersal of female and juvenile 
Franklin's grouse in southwestern Alberta. M.S. Thesis. Univ. 

of Alberta, Edmonton. 137 pp. 

MCLACHLIN, R. ne 1970. The spring and summer dispersion of male 
Franklin's grouse in a lodgepole pine forest in southwestern 
Alberta. M.S. Thesis. Univ. of Alberta, Edmonton. 153 pp. 

MILLER, G. R., D. JENKINS, and A. WATSON. 1966. Heather performance 
and red grouse populations. I. Visual estimates of heather 
performance. J. App. Ecol. 34313-326. 

MOSS, R. 1969. A comparison of red grouse stocks with the production 


and nutritive value of heather. J. Anim. Ecol. 38(1):102-112. 


92 


SBWedOy «(eet izes alewA. < gode 
aby Jessy. ont at vatenst gnebeow bag vxnits3st ee a a 
7 R848 2¢1)3e sate 

fabassei) ..e72¢mwe lawhis 30 nobjeingst Leyden, ot tO a 
- ; ae wiq COL .baetad roe: : 

; : oie ve 
- 2a879. aobrath. > wit lo 2athare not eiuged yweet.. 7 
ot bie ee i 


Snr 15mm st. mq EMO AE mide edness, .O7@E oH A mi 


-ANeeFens (ANSE w0bined., 


ww 
i 
+ 


iM »bjole nel <geuotgeaniqe-o4) Jo, 2yeigam. 168) .0G8 420 
. ; 7 : pes 7 ' " 

aft tie A ed Awe OB LDR LS CEDEK 
, : 3 >) eee 


od 
to solved fhixosiixe4 bre qided suas See -800L .0 52, 
rCS-e7%.. bala gervid, aiff pee gret S2UIge  Sh2 16.9583 a‘ atidae 
7 


abiaavnt, (bua, slinsi ip, Ineraqetbh: bas “otguege8G .@0el fl a 

Vin -atgolf 2.4 atsGdLA. Breisdudives ad Sena J aan 
7 a Pet oy Sea ee _ eetieabsd peers * 

efam-10 stit exatiath i Seem bpecsh tage gat MRL ak ya TOA ATOM 

nig 2B gil deR nk yaoio8 aes ignated, fe ores 204 ert s 

“ig feL noasoaie await win ehese <a . 7 . 


Pe, », 


93 


NOBLE, G. K. 1939. The role of dominance in the social life of birds. 
Auk. 56:(3) 3263-273, 
ODUMSS Es 72. cand) Es edieeKUENZLER: 1955 o¢Measurement sof territory and 
home range size in birds. Auk 72(2):128-137. 
PENDERGAST, B.oAs,.and Ds A. BOAGs .1970. SSeasonal changes in diet 
of the spruce grouse in central Alberta. J. Wildl. Manage. 
34 (3) :605-611. 
PITELKA, F. A. 1959. Numbers, breeding schedule, and territoriality 
in pectoral sandpipers of northern Alaska. Condor 61(2):233-264. 
ROBEL, R. Jeoeo. Ney BRIGGS, “J. J; eCEBULA SUN. edausdl Neu c. EeevleRee and 
P. G. WATT. 1970. Greater prairie chicken ranges, movements and 
habitat usage in Kansas. J. Wildl. Manage. 34(2):286-306. 
DLEEL, KR. G. D., and J. H. TORRLE. 1960. Principles and procedures 
| of statistics. McGraw-Hill Book Co., Inc., Toronto. 481 pp. 
STIRLING, I. 1968. Aggressive behavior and the dispersion of female 
blue grouse. Can. J. Zool. 46(3):405-408. | 
STONEBERG, R. P. 1967. A preliminary study of the breeding biology 
of the spruce grouse in northeastern montana. M.S. Thesis. Univ. 
of Montana, Missoula. 82 pp. 
TINBERGEN, N. 1957. The functions of territory. Bird Study 4(1):14-27. 
WALLESTAD, R., and D. B. PYRAH. 1974. Movements and nesting requirements 
of sage grouse hens in central Montana. J. Wildl. Manage. 
be C4) $030—-053.. 
WATSON, A. 1967. Population control by territorial behavior in red 
grouse. Nature 215:1274-1275. 
,» and R. MOSS. 1970. Dominance, spacing behavior, and aggression 
in relation to population limitation in vertebrates. Pages 167-220 


In A. WATSON, ed. Animal populations in relation to their food 


ay 3 ; ee, = a Fie x i ae #5 
bas sed oideaiet: ta: lacie eRe ilies: a 2 te 
em oe eels NEL RL REISE tad 2berdsak whe 

29h ai eats Lonnecse OUT BOB Be trek a AT ay 


synae, fRSIW ..L, -eruodté: Teatgas HE seyeg Berns eft te ag 
-s cs eA ROOT CEE 


7 . 


7 : a 
we. 
yitiattewiziss tae, .sGiys(oe anlheesd -exsdaee e201. A 1 
& 
SOL -TES 2 (S) 88 tobupd’ .2cee A nist iver 40 Pacesghnar Is10399q, nk ; 


: i. 
has eqaaty-.<f o.7 éYUiléd ate 7) Peete) ra at , oad my al vee § «Bs 


bie bY nemavont -29anny ein bin sirimag toteae” JON@E JITAW OS & : ih 
ode -A8i (SM ageneM ISLA). UC Sesenad gi aeeeu nsdddagt' a > i 


pasobesoty bas ecolqioni Goel | SPVRROT 11 LE: Sn6 ot # “aT ; 


7 


qq 84. .oitnargl , nt .69 2608 Lidi—mrne aM 6seniietiaie to" eal 
6 fens! Ao. holigagets ans) bat totvnded sulees 1 g5A sour A MET 
ADA-200: (£00 . Codd sh .aed) yseubeg Soe 


i gutbssad cdy do lybude yradimileio’A .fe@t 49 a 7 


-vir¥ sates? .2.4, .seringt iisleasiisiem at sear en ois a 


ag sh 6 uooehtt eee - 
| i 
S-h12 WO gbhuse brid .vios Pere’ te eaofoscit sat eee ali x2 ji 


cinsusalvups? guijaon bre ed at a OTOL Her ff bes’ ot @ 


. 
gue Lb FAW at) ihe eg oat pete 


f . a6 ® 9 : 
bs2 nt sobvered teag ts set denied 


+ : ae 
a 7 
. 
.a> 375 
ot d BT 
: 
as 


94 


resources. Blackwell Scientific Publications, Oxtori= 477 opp. 
WILEY, R. H. 1974. Evolution of social organization and life-history 
patterns among grouse. Quart. Rev. Biol. 49:201-227. 
WYNNE-EDWARDS, V. C. 1962. Animal dispersion in relation to social 
behavior. Oliver and Boyd, Edinburgh. 653 pp. 
ZWICKEL, F. C., and J. F. BENDELL. 1967. A Snare for capturing blue 
grouse. J. Wildl. Manage. 31(1):202-204. 
1972. Removal and repopulation of blue grouse in an 
increasing population. J. Wildl. Manage. 36(4):1141-1152. 
1973. Dispersion of female blue grouse during the brood 


season. Condor /5(1) 7114-119, 


7 ~ 7 . LA] 
qi 5 / tal | 
nae i in Bhat A! 
~ a” i f , re ¥ ; 


gE Ohno. oteeneene baa 


taal , r 
waotet: | 'st be te ‘ho kts: pies Bk ce re 10 I,007 (68 


: > ee - ee 7; 


~* Y - - 


- ; v - - ;, a2 4% orl: it 3 rage 26 J r) 
al 
7 Lak 
4 a 1 ae 
Nae O43 th any § Mile Sor gare « ORE a. 
ate j a ; 


. a 

ora °oas ee Lghilehuie Fave: a Q 
‘. mm | 

edit’ avs tie oa. 6 i. Lean «Ss 4 brn ae 


x ; \ i ay ; 
; a v) 

- ‘ yee snes) 4 Mist) & = 
fume vite Revomedt ) WARE, 


3a 40g 


Appendix 1. The range in number of sightings necessary to 
accurately estimate (95 percent confidence level) 


the area used by individual grouse during each 


season. 
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Sex Season Number of sightings 
Female Winter 13 = 25 
Early spring 20) = 25 
Late spring LOP= 95 
Summer 250. 
Autumn 2O0G= 25 
Male Winter He Ss 
Early spring 20) = a25 


Late spring Opal 
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Appendix 2. Comparison of daily movements between first sightings 
On consecutive days (a.m. - a.m.), p.m. —- a.m. 
movements on consecutive days, and within day (a.m. - 


p-m.) movements of female spruce grouse. 
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Type of Movement 


Season _ Age-class xe oD Deen SxesD aN 
Early spring Juvenile IES ess Saley 97 1383, 24 BD Rey 
Early spring Adult 104 20071385 O1 111 36 649 or Ss) 
Late spring Juvenile 234 179° 102 GOP 915 Sisk te] ee Ae 
Late spring Adult LAO La G7 HN S) Sa ete 1O2) (91-145 
Summer ma uilee 135° 1037434 (2/5 oes 83 46 8 
Summer Danes 200 126 220 LOA ALL 164 1019 19 


Females without brood 


Females with brood 
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Appendix 3. 


Bird No. 
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Daily movements and orientation of juvenile female 


Spruce grouse during spring dispersal and adult 


female spruce grouse during spring migration. 
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Appendix 3. continued. 
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Spring Migration 
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Ajne 1968, test for randomness, *direction preferred 
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